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Lung Cancer in 2018, USA

• Most common cause of cancer deaths 
in both men and women

• 234,030 diagnosed new cases
121,680 men;  112,350 women

• 154,050 deaths due to lung cancer   
83,550 men;  70,500 women

• Most cases now occur in ex-smokers
– Average age 70

• < 15% five year survival rate              



Transforming Growth Factor-ß (TGF-ß)

Multifunctional regulator of cellular growth
Potent inhibitor of normal epithelial cell
proliferation

Widespread tissue expression
Pivotal role in epithelial homeostasis
Association with various types of cancers
Context-dependent inhibition or stimulation
of cell proliferation and neoplastic  
transformation 

TGF-ß is an attractive candidate for new
therapeutic intervention approaches



Transforming Growth Factors: 
The Beginning



The Columns for TGF-beta1 
Purification



Scale of TGF-ß1 Purification 
from Bovine Kidney

Extract with 8 liters of acid/ethanol
Centrifuge

Precipitate with 32 liters ether +  
16 liters ethanol

Redissolve in 2 liters 1M acetic acid
Apply to 80 liter BioGel P-60 column

Collect 1 liter fractions
Lophilize and redissolve for further chromatography

Final Yield = 6 µg TGF-ß1
purification fold = 230,000; recovery = 10%



Clonogenic assay



HPLC Purification



TGF beta



TGF beta structure



TGF beta dimer



TGF beta superfamily



Transforming growth factor beta



Major Biological Responses 
Regulated by TGF-beta  
inhibits proliferation  

regulates apoptosis  
regulates differentiation  
regulates immune cell function  
stimulates accumulation of 
extracellular matrix 
promotes chemotaxis



The TGF-b Superfamily: Central 
Control Modules 
for Many Biological Processes                 
TGFβ is associated with 
development, immune system 
function, reproduction, 
angiogenesis, agining, response to 
injury, metabolic regulstion and 
proliferation.



Model for TGF-β pathway  
TGFR I and II form a phosphorylated 
heterodimer.  BMPs cause activation of 
Smads 1/5/8.  Activin TGFβ causes 
activation of Smads 2/3.  A phosphorylated 
R-S smad 4 complex forms which is 
biologically active.



Clinical Observations



Clinical Observations



TGF-ß in Carcinogenesis 

TGF beta in carcinogenesis



Major Biological Responses 
Regulated by TGF-beta



TGF-beta Smad-independent Pathways



TGFbeta Smad-independent pathways



K-ras Protooncogene



TGFβ in Tumor Suppression/Promotion



Broad Goal



Objectives



Mouse models



Question



A/J Mouse Model



Ethyl Carbamate is: 
metabolized by CYPE1 to vinyl 
carbamate and vinyl cabamate
epoxide as well as
degraded by esterase



A/J mouse tumors



TGF-beta1, RI and RII 
proteins



Decreased TGF-β RII in tumors



Expression of TGF-β1, RI and 
RII Proteins and mRNAs



Tumor suppresion/promotion



Question

Does deletion of TGF-β1 affect 
lung tumorigenesis?  
C57BL/6 TGF-β1 Mouse



TGF-beta1 knockout mice



Mouse models



TGF-beta1 in HT and WT mice



Production of Tumors



AJBL6 TGF-β1 HT & WT Mice



TGF-beta RII



Relative TGF-ß RII mRNA Levels
Lesions from AJBL6 TGF-ß1 HT
Mouse Lungs Treated with Ethyl 

Carbamate
Decreasing TGF-ß RII mRNA with increasing 

lung tumorigenesis



Question
Does deletion of TGF-β1 and mutation 
of K-ras affect lung tumorigenesis? 
TGF-β1 HT/K-ras LA mouse



TGF-beta1 and K-ras



TGF-beta1 and K-ras



Mouse Survival



Mouse survival



Lung Pathology



TGF-beta1 and RII



TGF-beta RII and Smad 3



TGF-beta pathway



Apoptotic index



Tumor suppression/promotion



Class Compound Target Company Phase Disease

Antibodies Fresolumimab TGF-ß 1-3 Genzyme Ph I RCC & Melanoma

Ph I - r Met Breast Cancer

Ph I - r Advanced Melanoma

Antibody Targeting: ALK1 PF-03446962 ALK1 Pfizer Ph I - r Advanced Solid Tumors

Antisense Oligonucleotides Trabedersen TGF-ß2 mRNA Antisense Pharma Ph I Pancreatic & Colon

Ph IIb Melanoma & Glioma

Ph III - r Glioblastoma

Receptor Kinase Inhibitors LY2157299 ALK5 Eli Lilly Ph Ib/Iia - r Glioma, Hepatocellular

Ph II - r Pancreatic Cancer

Ph Ib/II - r Pancreatic Cancer

Combined TGF-ß + Vaccine Lucanix TGF-ß2 NovaRx Ph II, Ph II - r NSCLC, NSCLC

TGF-ß2 + GMCSF Exp Vector TGF-ß2 + GMCSF MCMRC Ph I  - r Advanced Cancer

Anti TGFB compounds 
currently in Clinical Trials
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